Introduction
Over a century ago, Charles Spearman hypothesized that general intelligence, or g factor, can explain the observed commonality among diverse mental abilities (Spearman, 1904 (Spearman, , 1927 . Decades later, Spearman's student Raymond Cattell postulated that intelligence was not a unitary entity and introduced the concepts of fluid (Gf) and crystallized intelligence (Gc) as independent components of Spearman's g (Cattell, 1943) . In contemporary literature, fluid intelligence (Gf) refers to the capacity for logical reasoning and problem-solving that is presumably independent of acquired knowledge (Cattell, 1971) and is typically evaluated by nonverbal tests such as the Cattell Culture Fair IQ test (CFIT, Cattell and Cattell, 1973 ), Raven's Progressive Matrices (Raven, 1981) , or the performance subscale of the Wechsler Adult Intelligence Scale (WAIS, Wechsler, 1958) . Crystallized intelligence (Gc), in contrast to Gf, stands for the ability to use acquired and culture-relevant information, and is assessed by tests of vocabulary and general knowledge. Although Gf and Gc are viewed as representations of distinct intelligence components, they are not statistically independent (Carroll, 1993) and correlate with each other, usually greater than r ¼ 0.3 (Flanagan and McGrew, 1998; Li et al., 2004) .
In search for its biological foundations, fluid intelligence has been linked to various brain properties and indicators of brain integrity. For example, patients with lesions in the prefrontal and parietal cortex compared to intact controls evidence lower performance on fluid intelligence tests. Increased functional activation in frontal, parietal and anterior cingulate cortices was observed during fluid reasoning tasks (Geake and Hansen, 2005; Masunaga et al., 2008; Prabhakaran et al., 1997) . In the temporal lobe, many regions such as posterior superior temporal gyrus (Luo et al., 2003) , inferior and middle temporal gyri (Goel and Dolan, 2004; Knauff et al., 2002) , as well as the fusiform gyrus (Goel and Dolan, 2004; Luo et al., 2003) also exhibit activation during performance on various fluid intelligence tasks. A recent meta-analysis confirmed the association of gray matter volume in frontal, temporal, and posterior cingulate cortices as well as activation peaks in multiple frontal, parietal, and temporal regions with performance on (predominantly fluid) intelligence tests (Basten et al., 2015) .
The described pattern of associations linking multiple cortical regions to Gf performance served as an impetus for developing the ParietoFrontal Integration Theory (P-FIT) of fluid intelligence (Jung and Haier, 2007) . The P-FIT postulates a complex yet circumscribed network of cortical regions as the brain substrate of cognitive operations that constitute fluid reasoning. The proposed network includes the dorsolateral prefrontal cortex, the inferior and superior parietal lobules, the anterior cingulate gyrus, and selected areas within the temporal and occipital lobes. In P-FIT, the temporal and occipital regions are viewed as part of the Gf supporting circuitry because of their contribution to the early processing of sensory information; the parietal cortex is included as the module, in which the products of sensory processing are handled after initial processing in the primary cortices and in interaction with prefrontal regions, with the latter deemed crucial for generating an optimal solution to a given problem; and anterior cingulate constrains the selected response and inhibits other competing processes.
Notably, Gf and Gc exhibit distinct trajectories of development and aging (Desjardins and Warnke, 2012; McArdle et al., 2002) . Fluid reasoning competence improves rapidly during childhood and adolescence, peaks in early adulthood, and gradually declines throughout the later part of the life span thus acquiring a status of a quintessential age-sensitive ability (Horn and Blankson, 2005) . Crystallized intelligence rises during early development and schooling, but does not weaken during normal aging, and may even continue to improve after Gf peaks and starts to wane (McArdle et al., 2000) . It follows from P-FIT that decrements in Gf, but not Gc, should be associated with a breach of integrity in any component of the outlined network.
Normal brain aging presents an opportunity for testing this proposition. The cumulative research on healthy aging unequivocally demonstrates that it profoundly alters structural characteristics of the brain, even in the absence of age-related disease (see Fjell et al., 2014; Kennedy and Raz, 2015; Raz and Rodrigue, 2006 for reviews). Moreover, the extant studies converge on the pattern of brain aging that corresponds to the network of structures specified in P-FIT theory of neural bases of intelligence. Thus, it is plausible that cognitive aging characterized by decrements in fluid intelligence would be linked to age-related changes in specific brain structures comprising the P-FIT network.
To date, testing this hypothesis has been hampered by the lack of longitudinal evidence that is necessary for assessment of the brain and cognitive aging and their relationship (Hofer and Sliwinski, 2001; Lindenberger et al., 2011; Maxwell and Cole, 2007) . Although a recent longitudinal study has reported coupling of changes in brain structure and Gf (Persson et al., 2016) , it was limited to two measurement occasions. The current study aimed at evaluating the relationship between longitudinal changes in Gf and in gross structural properties of the cerebral cortex in a sample of middle-aged and older adults who have been assessed up to four times over a relatively long period. Our objectives were as follows.
First, we modeled change in Gf and Gc over time, and evaluate individual differences therein. Second, in the same fashion, we modeled change and individual differences in change of cortical thickness and volume in the cortical regions specified by P-FIT theory, while contrasting distinct regions that are considered the brain substrates of Gf with the sensory and motor regions regarded as controls. Third, we assessed the relationship of Gf with regional volume and cortical thickness. Finally, depending on the presence of statistically reliable individual differences in change, we planned to examine the coupling of brain and cognitive changes and lead-lag relationships between changes in these two domains.
Based on the surveyed literature, we hypothesized that Gf, but not Gc, would be negatively related to age at baseline and would decline over time. Likewise, we expected smaller cortical volume and thickness in older participants at baseline and significant reduction of both over the follow-up period. In addition, we hypothesized that shrinkage of the tertiary association cortices -prefrontal and parietal -would accelerate over time. Furthermore, better Gf performance was hypothesized to be associated with larger and thicker prefrontal and parietal association cortices and change in Gf was expected to be coupled with cortical changes in the regions identified in P-FIT as critically important for fluid intelligence. In evaluating associations between structural parameters of the cortex and fluid intelligence, we took advantage of a multi-occasion longitudinal design with a theoretical maximum of 5548 data points 1 and planned to examine whether steeper decline in Gf would be associated with faster thinning of association cortices and whether changes in the brain structure led or trailed changes in Gf. The latter would depend on finding individual differences in change of the relevant the variables.
Methods

Participants
Participants were healthy volunteers from the metropolitan Detroit area. They attained at least high school education, were native English speakers and exhibited strong right-hand preference (75% and above on the Edinburgh Handedness Questionnaire; Oldfield, 1971) . Persons who reported a history of cardiovascular disease, neurological or psychiatric conditions, diabetes, head injury with a loss of consciousness for more than 5 min, thyroid problems, history of drug and alcohol abuse were excluded from participation in the study. Persons who were taking anti-seizure medication, anxiolytics, or antidepressants were excluded as well. Mini-Mental State Examination (MMSE) (Folstein et al., 1975) and Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff, 1977) were used to screen probable cases of dementia and depression, and only participants who scored at least 26 on MMSE and below 16 on CES-D were enrolled in the study. All participants provided informed consent for participation in this study, which was approved by university human investigations committee.
The pool of eligible participants (see Table 1 for descriptive statistics) consisted of 73 persons, age 49 years and older, of whom 43 returned for at least one follow-up. Three additional participants who were assessed at baseline but did not return were excluded because they did not meet the health criteria: two had cancer and the third one had a colloidal cyst in the brain. The participants who returned for follow-ups did not differ from the rest of the pool in age, education, sex, ethnicity, and hypertension diagnosis (all p > .45). However, the 43 individuals returning for follow-up measures had higher MMSE than the 30 who did not return: M AE SD: 28.9 AE 1.1 vs. 28.0 AE 1.1, t (71) ¼ 3.188, p ¼ .002.
Cognitive measures
Fluid intelligence. The Cattell Culture Fair Intelligence Test (CFIT, Form 3B, Cattell and Cattell, 1973) was administrated to measure fluid intelligence. The test consists of four subtests, each containing 10 to 14 nonverbal reasoning problems of a gradually increasing difficulty. The subtests cover various aspects of abstract reasoning such as detecting similarity in designs, completing matrices, and solving nonverbal syllogisms, with participants having to derive the rules required for solving the problems. Participants could finish the entire tests, but the items that had been completed at standard times allotted to each subtest were recorded and used for computation of the total timed score that was used in the following analyses.
Crystallized intelligence. Gc was assessed by two multiple-choice vocabulary tests (V-2 and V-3) from the Educational Test Services Kit of Factor-Referenced Tests (Ekstrom et al., 1976) . V-2 consisted of 18 items and V-3 contained 24 items, all of which were 5-choice synonym tests. Participants could finish the entire tests, but the items that had been completed at standard times of 4 min for V-2 and 6 min for V-3 were noted. Subjects were instructed not to guess unless they could eliminate one or more answer choices as wrong. The indices of performance were the number of correct items minus the number of incorrect items multiplied by 0.25 (penalty for guessing), separately for V-2 and V-3. Total performance on the timed V-2 and V-3 tests are used in the following analyses.
MRI protocol
Images for all four waves were acquired on the same 1.5 Tesla Siemens Magnetom Sonata MRI system (Siemens Medical Systems, Erlangen, Germany). The same hardware, including the head coil was used across sessions, although unavoidable routine manufacturer software updates occurred. The cortical surface was reconstructed from a T 1 -weighted magnetization-prepared rapid gradient-echo (MPRAGE) sequence acquired in the coronal plane with the following parameters: repetition time ( 
Image processing
To extract reliable cortical thickness and volume estimates, images were semi-automatically processed using FreeSurfer longitudinal stream (Reuter et al., 2012) . A within-subject template was created for each individual participant (Reuter and Fischl, 2011; Reuter et al., 2010) , and subsequent processing was performed using the common information from the template, thus increasing the reliability and statistical power (Reuter et al., 2012) . The white and gray matter surfaces reconstructed from FreeSurfer were inspected by an operator with extensive training in MRI neuroanatomy (PY) and manually edited, if necessary. All cases required manual editing in orbito-frontal or/and temporal regions, including removal of the dura and orbital tissue that were misclassified as gray matter. Two cases needed manual removal of skull from the dorsal prefrontal cortex. Cortical thickness was computed as the average distance between pial surface and gray-white matter boundary within each region of interest (ROI).
Selection of ROIs for analysis
In FreeSurfer, the cortex in each hemisphere is divided into 34 neuroanatomically labeled regions (Desikan et al., 2006; Fischl et al., 2004) , for which volume and cortical thickness are calculated. However, to test the specific hypotheses derived from P-FIT model, we selected 19 relevant regions divided into two groups: target (16) and control (3). Targets were the regions that were expected to be associated with fluid intelligence according to the P-FIT model: Caudal and rostral middle frontal cortex, inferior frontal cortex (pars opercularis, pars orbitalis, and pars triangularis), superior frontal gyrus, superior and inferior parietal lobules, supramarginal gyrus, precuneus, caudal and rostral anterior cingulate gyri, temporal lobe (superior, middle, and inferior gyri), and fusiform gyrus. Control regions were pericalcarine cortex, and precentral and postcentral gyri. The results from two hemispheres were combined, i.e. volumes of left and right ROIs were added up, whereas thickness estimates of left and right cortices were averaged.
Statistical analyses
Statistical analyses were carried out in three steps. First, in two separate models, cross-sectional age differences and longitudinal changes in Gf and Gc were evaluated using two-level linear mixed effects models with measurement occasions nested within individuals. Second, crosssectional age differences and longitudinal change in cortical thickness and volume were gauged using two crossed random effects models including all relevant brain regions across all participants and all measurement occasions. As described above, to test for differential effects as posited by P-FIT theory, a contrast between target (1) and control (0) regions was included in the model as a dummy variable. Third, cognitive and cortical measures were linked by adding the two cognitive measures and their interaction with time to the second model. Throughout the analyses, missing values were handled by full information maximum likelihood estimation (FIML). In addition to p-values based on Satterthwaite's approximation as implemented in the lmerTest package (Kuznetsova et al., 2016) , 95% bootstrap confidence intervals were constructed from up to 500 bootstrap samples per model.
Modeling longitudinal change in Gf and Gc. Growth curve modeling was used to estimate the trajectories of change in Gf and Gc. The analyses were conducted using the lme4 package (Bates et al., 2016) in R (R Core Team, 2017). All parameters were separately estimated for Gf and Gc.
Modeling re-test effects. In longitudinal studies, participants' performance can improve because of repeated exposure to tests. Repetitionrelated gains occurr in many cognitive tasks, including fluid intelligence (Rabbitt et al., 2004) , processing speed (Ferrer et al., 2005) , and memory (Ferrer et al., 2005; Salthouse et al., 2004) . These gains are stable and persist for several years after the last exposure (Salthouse et al., 2004) . Thus, the rate of age-related decline could be underestimated, if repeated-exposure effects in the longitudinal data are not taken into account (Ferrer et al., 2005; Rabbitt et al., 2001 ). In the current study, we tried to separate the repeated-testing gain and age-related longitudinal change in cognitive abilities by capitalizing on the differences in the delays between the testing occasions, and modeling time and repetition effects separately. While older adults with above-high school educations are usually familiar with multiple-choice tests of vocabulary and general knowledge, most often this is not the case for tests of fluid intelligence such as the CFIT that was used in the present study. Thus, repeated assessments may bring performance gains simply by familiarization with the testing procedure and material and increasing the comfort level of the participants. The most significant improvement is usually obtained after the first repeated exposure, and the magnitude of performance gains tends to diminish sharply thereafter (Rabbitt et al., 2004) . We controlled for such re-test effects by introducing a step function that captured the expected increase in CFIT performance following the first exposure to the test at the individual level.
Cross-sectional age differences were controlled for by including age at the first measurement occasion (baseline) as a control variable. To ease interpretation, age at baseline was grand-mean centered at 64 years. Time intervals were computed at an individual level as the distance from the first measurement occasion. The complete model is schematically presented in Fig. 1 .
Modeling longitudinal change in cortical thickness and volume
In two separate models, we evaluated change in cortical thickness and volume using a crossed random effects model that included all relevant brain regions across all participants and all occasions (totaling 2945 nonmissing data points per analysis). As before, the lme4 package (Bates et al., 2016) was used to carry out the analyses and cross-sectional age differences were controlled for by including grand-mean-centered age at baseline assessment as a control variable. The dummy variable PFT regions was introduced to capture the grouping of control versus target regions, while differences in change across the regions were captured by the interaction between PFT regions and Time. To mitigate potential scaling artifacts, units of cortical thickness were multiplied by 100, whereas units of volume were divided by 100. The model is depicted in Fig. 1b .
Linking cognitive and cortical measures
Cortical and cognitive measures were linked by including Gf and Gc simultaneously as additional predictors in the crossed random effects models for cortical thickness and volume. After controlling for potential main effects, we were interested in the degree to which aging related changes in cortical measures of thickness and volume may differ as a function of Gf, Gc respectively. To this end, we included the corresponding interactions to the model. The model is depicted in Fig. 1c .
Results
Change in Gf and Gc
The results of two-level linear mixed models of longitudinal change in Gf and Gc are presented in Table 2a and b and depicted in Fig. 2 which includes all observations. As hypothesized, cross-sectional comparisons revealed lower Gf in older adults ðb age at baseline ¼ À0:20; t ¼ À3:58; p < 0:01Þ and no age differences in Gc ðb age at baseline ¼ 0:02; t ¼ 0:18; p ¼ 0:86Þ. Also, as expected, we observed a modest decline in Gf ðb Time ¼ À0:21; t ¼ À2:01; p < 0:05Þ but no change in Gc ðb Time ¼ À0:09; t ¼ À0:66; p ¼ 0:51Þ. As shown in Table 2a Removal of one observation with a negative Vocabulary score at baseline (see Fig. 2 ) did not alter any of the findings.
Change in cortical thickness and volume
Results of two crossed random effects analyses including all relevant brain regions across all participants and all occasions are presented in Table 3a and b, with trajectories of change depicted in Fig. 3a However, we found no reliable individual differences in shrinkage over time, and therefore there was no justification for the inclusion of random slopes.
Linking cognitive and cortical measures
To link cognitive and cortical measures, we added Gf and Gc along with their interactions with time to the analyses described above. Results are in Table 4a and b. Higher Gf was associated with greater cortical thickness ðb Gf ¼ 0:27; t ¼ 4:28; p < 0:001Þ, but not cortical volume ðb Gf ¼ À0:03; t ¼ À1:14; p ¼ 0:26Þ, and no relationship between Gc and brain structural indicators was observed (see Table 4a and b). Of note, people with higher Gc exhibited steeper declines in cortical thickness ðb Gc ÂTime ¼ À0:04; t ¼ À4:44; p < 0:001Þ and volume ðb Gc ÂTime ¼ À0:02; t ¼ À6:51; p < 0:001Þ over time. In contrast, the interactions Fig. 2 . Trajectories of change in Gf and Gc indices over time, with addition of participants who dropped out after baseline assessment and had only one observation. Note: Significance level is p < .025 after adjusting for multiple comparisons. between Gf and time showed a weaker, nonsignificant trend in the same direction for cortical thickness (b Gf ÂTime ¼ À0:02; t ¼ À1:90; p ¼ 0:058), but a robust positive association between that index and cortical volume change (b Gf ÂTime ¼ 0:02; t ¼ 5:20; p < 0:001), indicating that participants with higher Gf experienced slower brain shrinkage.
Subsidiary analyses. To facilitate interpretation of the findings, we examined the effects of attrition on both cognitive measures. This analysis revealed lower Gf in the participants who had only a baseline measure (M AE SD: 21.9 AE 5.0) compared to participants who had at least two assessments: 24.4 AE 4.4; t (71) ¼ 0.029. In contrast, no such difference was observed in Gc: 12.4 AE 5.5 for dropouts versus 13.1 AE 6.6 versus for those who came for at least one additional evaluation; t(71) ¼ 0.359. Because of imbalanced design with respect to sex, we re-evaluated all models with sex as nuisance covariate, but found neither significant sex differences nor changes in other findings. In addition, because persons with hypertension constituted a sizeable minority of the sample, we tested hypertension diagnosis as an additional covariate. That addition was inconsequential for the findings. Therefore, to conserve degrees of freedom, we retained the models without these covariates.
Discussion
In this seven-year four-wave study of middle-aged and older adults, we observed a decline in fluid intelligence (Gf) over time. Advanced age was associated with poorer Gf performance at the inception of the study. Repeated testing, however, resulted in Gf gains. As expected, Gc evidenced neither longitudinal decline, nor cross-sectional age differences. Significant shrinkage and cortical thinning were observed over the course of this study in the collection of regions that was designated by P-FIT theory as putative brain substrate of intelligence. The differential change across cortical regions was consistent with previous studies demonstrating that association (prefrontal and parietal) cortices were more vulnerable to aging than the primary sensory and motor regions (Fjell et al., 2009; Pfefferbaum et al., 2013; Raz et al., 2005 Raz et al., , 2010 Resnick et al., 2003) .
We hypothesized positive associations between Gf and cortical size at baseline, and coupling between the change rates of cortices and Gf. One of the two cortical measures -thickness -was indeed positively associated with Gf, whereas no significant association with cortical volume was noted. Neither cortical thickness nor volume were related to Gc. Unfortunately, the relationship between brain shrinkage and cognitive decline could not be modeled, because of the lack of individual differences in Gf change, which is not an uncommon finding (e.g., Raz et al., 2008) . We did, nonetheless observe two important links between aging of the brain and cognition. Higher crystallized intelligence, which remained stable over time, was associated with greater volume reduction, and thinning of the cerebral cortex. In contrast, higher fluid intelligence predicted slower cortical volume shrinkage, while exhibiting a non-significant link to faster cortical thinning. The connection between high cognitive performance at baseline and slower shrinkage of regional brain volume is in line with previously reported findings (e.g., Persson et al., 2016; Raz et al., 2008) . Fluid and crystallized intelligence tests are differentially sensitive to aging, and it is possible that persons who preserved higher levels of Gf in this sample that was composed of middle-aged and older adults, were particularly resilient in the face of forces that drive brain shrinkage. Persons with higher cognitive capital did not necessarily have bigger brains as evident from the lack of correlation between Gf and brain volume at baseline. They could have been better in brain maintenance and less prone to behaviors and life styles that accelerate brain aging (Nyberg et al., 2012) .
By comparison, the association between higher Gc and greater brain decline may reflect the differences in sensitivity of cognitive measures to brain changes and their stability over time. According to cognitive reserve hypothesis (Stern, 2002) , persons with higher cognitive attainment operationalized as higher education, advanced reading comprehension skills and higher IQ can endure, in comparison to their less able counterparts, greater degree of brain deterioration without showing cognitive decline. Cognitive reserve is a formative construct (Jones et al., 2011) that is defined by multiple indicators of earlier or "pre-morbid" cognitive performance level. These indicators (e.g., education) are expected to remain stable over time but nonetheless correlate with important age-sensitive abilities, such as executive functions (Siedlecki et al., 2009 ). In the context of our study, Gc may represent cognitive reserve that was acquired long before the commencement of measurements, whereas Gf, which is modestly correlated with Gc, denotes a time-sensitive part of reserve that has already deteriorated enough to be better synchronized with brain decline. Similarly, brain measures may vary in their potential of reflecting brain reserve (Satz, 1993) . The propensity of larger brains, populated with greater number of neurons and inter-neuronal connections may be less vulnerable to the ravages of aging than smaller ones with lesser number of neurons, thinner neuropil, and less dense white matter connections. In that context, MRI-derived brain volume, which most likely reflects the volume of neuropil (Kassem et al., 2013) may be a more sensitive index of decline than cortical thickness. A coupling of two age-sensitive indices of brain and cognition may produce the pattern of a positive association observed for Gf and volume. Sensitive index of cognition coupled with a less sensitive brain index would produce a pattern of association, such as the weak association between Gf and cortical thickness observed here.
Another plausible reason for the observed associations between Gc and Gf with brain shrinkage may be selection bias. In this sample, we have not observed a clear positive attrition bias noted in some longitudinal studies (e.g., Lindenberger et al., 2002) . The drop-outs did not differ from those who remained in the study on almost all relevant indicators: age, sex, hypertension, and Gc. A modest positive attrition bias was noted, however, on Gf. Because persons who dropped out after one assessment had lower Gf than those who returned for at least one subsequent evaluation, the association between fluid reasoning and brain shrinkage could have been underestimated.
We found partial confirmation to the "bigger is better" hypothesis of relationship between cortical size and fluid intelligence measures, which are heavily dependent on executive functions (Pietschnig et al., 2015; Yuan and Raz, 2014) . Fluid intelligence was positively associated with cortical thickness, but the association between Gf and cortical volume was not significant. The effects of Gf on rates of cortical change, as discussed above, also differed with respect to cortical thickness and volume. Thus, it is possible that because cortical thickness, and volume are determined by different neurobiological and neurodevelopmental factors, they are differentially associated with cognitive functions and age-related changes therein. According to the radial unit hypothesis, cortical surface area is determined by the number of radial columnar units, whereas cortical thickness is determined by the number of cells within the units (Rakic, 2009) . Thus, our results suggest that the cell numbers within radial columnar units in P-FIT region, and possibly denser connections among those units may be associated with Gf. These are, of course, highly speculative interpretations that need to be examined in future research, with translational harmonization of MRI approaches to animal models being a critically needed development in this regard.
Limitations of the current study
Small sample size and homogeneity stemming from stringent health screening criteria could account for failure to observed individual differences in Gf change. A small number of participants who underwent multiple MRI assessment precluded evaluation of lead-lag relationships between the brain and cognition. The lack of functional brain measures precluded examination of potential mediating role of age-related functional changes in the relationship between cortical shrinkage and cognitive performance. Limited scope of this study also precluded examination of possible additional contributors to the observed brain maintenance. All these limitations need to be addressed in future studies.
It is important to re-iterate that the current study was limited to investigation of age-related changes in Gf and shrinkage of brain regions proposed by P-FIT theory of intelligence. Multiple alternate models of the relationship between intelligence and brain regions posit different brain areas and aggregations thereof as the cerebral substrates of higher cognitive functions. For example, multiple-demand regions hypothesis (Duncan and Miller, 2013) and a model emphasizing brain's learning and control architecture (Chein and Schneider, 2012; Cole et al., 2011) hypothesize that complex cognitive operations are served by a smaller collection of more aggregated brain regions than postulated by P-FIT. Many studies forgo hypothesizing regional specificity altogether and using the total brain volume as a correlate of intelligence, with modest but positively associations observed (Pietschnig et al., 2015) . The optimal level of region aggregation and differentiation in search for brain basis of intelligence remains unclear. Thus, although a direct empirical comparison of various theoretical accounts of neural substrates of cognition is a worthy goal for future research, it falls outside the scope of this study that inquired whether one widely discussed and empirically investigated model, P-FIT, could be harnessed for explaining age-related cognitive changes.
Conclusion
In summary, we modeled age differences and age-related change in fluid and crystallized intelligence, as well as shrinkage in cortical regions that varied in their putative relevance to intelligence. Although we observed significant decline in fluid intelligence and significant shrinkage of the relevant brain regions, we could not examine the degree of coupling between the two processes. We found evidence for the effects of cognitive reserve and brain maintenance on brain aging. These findings indicate that brain regions viewed in P-FIT theory as pivotal for intelligence may play a role in cognitive aging and that this hypothesis should be further explored in larger and less selected samples.
